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論 文 内 容 要 旨          
To achieve the future energy needs, in a path that does not affect our environment, is doubtless 
challenging. However, this Dissertation aims to address such challenge proposing diverse approaches from 
the existing ones. It focuses studies from the point of view on the issues faced for both developing and 
developed countries. This work emphasizes the utilization of bioenergy as an intrinsic material-energy 
system through the utilization of waste, agricultural residues and energy crops, which are resources for 
producing the three main energy carriers, electricity, heat and biofuel. Moreover, incorporates the 
production of food to support the objective of increasing food security. This Dissertation is divided into 
eight chapters which are summarized in the Fig. 1 and as follows. The first two chapters present an 
introduction to the motivation, goal and objectives of the research; moreover, addresses the theoretical 
background of tools and methodologies necessary for understanding the following chapters. The third 
Chapter presents a study that features the differences that exist in the waste management sector for both 
developing and developed countries; moreover, highlights that the first ones could utilize waste as a 
resource for achieving a full coverage of electricity access if the proper policies are pursued. The policies 
under analysis regard the possibility of removing fuel subsidies, subsidize waste-to-energy technologies, 
apply carbon tax, and apply a carbon reduction policy. The carbon tax obtained as minimum to achieve the 
integration of such technologies to the case study was 75 $/tC, with the condition that the carbon tax 
create a fund to support investments for improving the waste management sector. From here several 
points were observed; first is that the low prices of fossil fuels increase its utilization despite their emission 
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of greenhouse gasses; such implies that research should move on and find an environmentally friendly 
substitute. Second, despite such issue could be achieved utilizing biofuels, it was noticed that several 
countries have delay their production. Moreover, despite the effort from researchers to present the benefits 
of transforming the energy in agricultural residues to produce biofuel, this has not yet been applied in 
every country. Two reasons for this are: one, a conflict with land use, and two, the utilization of the edible 
part of the crop which collides with food security. In order to solve such conflicts, it is proposed here that 
the agricultural activities involving biofuel production should be developed in the current abandoned 
agricultural land. Furthermore, an optimization of land model was proposed in combination with a 
multi-functional farm that is self-sufficient in energy; moreover, it considers edible and non-edible 
fractions of the crops as separate resources. The methodologies proposed in this dissertation are based on 
energy modelling with a mixture of agricultural system design with the goal of abolishing the dilemma of 
food versus fuel, and instead analyze its nexus finding a balance. Chapter 4 compares the production of 
bioethanol from rice and from cassava utilizing a self-sufficient farm design. It was observed that cassava 
has higher bioethanol potential than rice; furthermore, the utilization of self-sufficient farms allows a 
more efficient use of land compared to the traditional farms. Utsunomiya city in Tochigi Prefecture, Japan 
was considered as a case study. Chapter 5 introduces solar photovoltaic technologies and wind turbines 
into the model, in order to analyze the effect on land. Maintaining the case study from Chapter 4, three 
scenarios were subject of examination: a traditional farm scenario, a self-sufficient farm scenario as 
presented in chapter 4, and another one including solar photovoltaic and wind turbines. It was observed 
through an energy balance analysis that the last scenario may have better impact; therefore it was 
applied to a developing country case study. The differences in consumption patterns of both countries were 
clearly observed, which affects the land use configuration, despite being similar farms. In Chapter 6 solar 
and wind technologies were removed from the model since the dependence of their performance is unique 
in the case study. In this chapter Miyagi prefecture was selected as a case study due to the concern about 
the increment of the abandoned land after the earthquake occurred in 2011. The crops and feedstock 
considered were maize, rice and wheat. The land optimization model was compared to the traditional cost 
optimization model. Moreover, the conventional agriculture approach was considered for observing the 
contrast. It was realized that the design for self-sufficient farms may be feasible over a farm size of eight 
hectares and that it could contribute to biofuel development without an actual conflict with food; especially 
since this Dissertation propose the inclusion of food-self-sufficient ratio (FSSR) as a goal to meet. In this 
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chapter bioethanol potential along with maize and wheat production potential of Miyagi prefecture was 
obtained. The novel land optimization model proved to be sensitive to yield values, concluding that both 
models should be considered in further studies to avoid the no appreciation of the resource of land. 
Furthermore, it proposed the utilization of the land already abandoned. The final two chapters include 
discussions and conclusions related to the models, policies and effect from the results obtained. In general, 
utilizing the current abandoned land will contribute to stop the further soil degradation and will allow the 
study the policies necessary to achieve a non-traditional cultivation configuration which is necessary to 
accomplish the objective. A surplus of heat and electricity is achieved, which can contribute to increase the 
renewable energy share of the national energy matrix. 
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 Fig. 1. Summary of the structure of this Dissertation. 
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